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Abstract  
In this work, forward current voltage characteristics for multi quantum wells Al0.33Ga0.67As 
Schottky diode were measured at temperature range from 100 to 300K. The main parameters 
of this Schottky diode, such as the ideality factor, barrier height, series resistance and 
saturation current, have been extracted using both analytical and heuristics methods. 
Differential Evolution (DE), Particle Swarm Optimization (PSO) and Artificial Bee Colony 
(ABC) have been chosen as candidate heuristics algorithms. While, Cheung technic was 
selected as analytical extraction method. The obtained results show clearly the high 
performance of DE algorithms in terms of parameters accuracy, convergence speed and 
robustness.   
Keywords: Barrier height; Heuristic methods; Multi Quantum Wells; Parameters extraction; 
Schottky diode.    
1. Introduction 
The Schottky diode is a microelectronic component based on semiconductor materials.  
The metallization of this device can gives an Ohmic or Schottky contact, according to work 
function of the used metal. Electrical characterizations of Schottky diode are considered as 
important stage before the device final fabrication. Among this electrical characterization,  
the current voltage (I-V) characteristics are used. Indeed, the extraction of Schottky barrier 
diodes parameters like ideality factor n, barrier height bΦ , series resistance Rs and saturation 
current Is, has attract the attention of many researchers 
[1-6]. 
In literature, the parameters extraction is investigated by using analytical and heuristics 
technics. The analytical approaches such as Cheung, Werner and Nord [1, 7, 8] are only useful 
in narrow regimes. This limitation put consequently the researchers to develop other 
techniques and methods of extraction. Heuristics algorithms mimic biological behavior to 
resolve mathematical optimization problem. That's why many researchers use these 
algorithms to solve parameters extraction issue. The main advantage of this kind of extraction 
methods is the global convergence for all the desired search space[9, 10].  
Among the proposed works in the literature, the modified ABC algorithm (MABC), 
vertical optimization, genetic algorithm (GA) and simulated annealing (SA) have been used to 
extract the SBD parameters [5, 11]. Those works do not give detailed comparative study with 
analytical methods. Also, they have been tested at small search spaces.  
In this paper, the main contribution is the elaboration of comparative study for different 
methods of extraction, tested at large range of temperature (from very low temperature 100K 
to room temperature 300K). More precisely, four technics have been developed such as 
Cheung[1], PSO, ABC and DE to deal with this concern. Concerning the used heuristic 
technics, PSO algorithm originally mimics the social behavior and the movement of 
organisms such as bird flock or fish school. In the other side, ABC algorithm simulates the 
foraging behavior of bees in nature. While the last algorithm, which is DE is a population-
based algorithm developed to solve real optimization problems. This algorithm requires four 
main steps, such as; initialization, mutation, recombination and selection. For more details 
about these algorithms, refer to [5, 11, 12]. 
The remaining of this paper is organized as follows: section 2 is reserved for the problem 
statement. Section 3 describes the experimental details about the characterization bench using 
during this study. After that, results are discussed in section 4. Finally, the conclusions are 
drawbacks in section 5. 
2. Problem statement 
1.1.Mathematical model of Schottky barrier diode 
The mathematical model of a Schottky Barrier Diode (SBD), which is described by its 
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In the aforementioned equations, I and V are the diode current and bias voltage, respectively. 
K and A* denote Boltzmann and Richardson constants, respectively; q is the electronic 
charge; A defines the Schottky contact area; T is the operating temperature. n denotes  
the diode ideality factor, Rs is the series resistance; and bΦ is the Schottky barrier height. 
 
 
2.1.Parameters extraction strategy 
The accuracy of the SBD model (Given by Eq. 1) depends highly on the accurate value of 
its parameters (More precisely n, Rs and bΦ ).  For this purpose, an efficient strategy of SBD 
parameters extraction has been proposed in this work.  
Here, the SBD parameters extraction is considered as an optimization problem, in which 
the cost criterion to be optimized (in this paper minimized) is the Root Mean Square Error 
(RMSE) between real experimental and estimated Schottky diode currents, as follows: 
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In Eq. 3 and Eq. 4 ,  is a vector that includes the model parameters, and it is given by:  
 s sn,  I ,  R =
 L denotes the size of the experimental (I-V) data; Vmeas and Imeas are the measured data gotten 
from the recorded I-V characteristics.    
In this paper, the SBD parameters are accurately extracted by using three different heuristics 
algorithms and an analytical method. Indeed, the heuristic algorithms will change the value of 
each parameter, in each cycle and within preselected range, until obtaining the lowest cost 
function (RMSE). Fig. 1 summarizes the main steps of Schottky diode parameters extraction. 
 
 
Fig. 1. The Schottky diode parameters extraction strategy. 
3. Experiments 
In this work, a Multi-Quantum Wells (MQWs) GaAs/Al0.33Ga0.67As Schottky diode, 
fabricated at Nottingham University (school of physics and astronomy applied) [16, 17], has 
been utilized to test the effectiveness of the developed methods. 
The electrical characterization of this diode has been accomplished in the DLTS 
characterization room of Nottingham University. This room includes the characterization 
equipment needed to test and characterize electronic components at low/high frequencies and 
temperatures.  
The experimental I-V data of this Schottky diode have been collected and measured by 
using Agilent 41501B pulse generator and Keithly 428 external I-V meter. The DLTS bench 
includes also a computer for the hear DLTS software. The different components of DLTS 
bench are shown in Fig. 2.  
The experimental (I-V) data have been measured for different temperatures with a 
sampling rate of 10 ms. 
 
















4. Results and discussions 
Fig. 3 shows the experimental forward I–V characteristics of GaAs/Al0.33Ga0.67As 
Schottky diode. These characteristics were measured at voltage range [0.2V-0.7V] and for 
low temperature starting from 100K to 300K. This choice was taken to observe  
the mechanism of conduction of our sample (Schottky diode) under low temperature 
condition (-173 C°).  
 
Fig.  3.  The I-V characteristics of n-type Al0.33Ga0.67As Schottky diode for different 
temperatures.  
 
It can be seen from Fig. 3 that, by rising temperature, the current value is also increased. 
This indicates a usual thermal activation phenomenon [13, 16, 18]. The obtained experimental      
(I-V) characteristics were used to extract the main Schottky diode parameters (n, Rs , Is ,Φb). 
The extraction was done by using different algorithms such as DE, PSO and ABC algorithms, 
additionally with an analytical method [1].  
Finally, a comparative study was achieved to evaluate the accuracy of those methods.  
The setting parameters of those algorithms are given in Table 1. Also, the variation range of 
the SBD parameters is given in Table 2.  
 
 























Table 1.  The setting parameters of DE, PSO and ABC algorithms. 
DE PSO ABC 
Population size: 40 
CR: 0.2 
MF: 0.5 
Swarm size: 100 
Inertia weight (w):0.4-0.7 
C1, C2: 1.2,1.6 
Colony size: 160 
Limit: 3*160=480 
Cycle:  5000 
 
Table 2. The variation range of SBD parameters.  
The parameters Is [A] n Rs [Ω] 
The Variation boundaries [10-09 ,  10-06] [0  ,  20] [0  , 10+04] 
In this simulation, each algorithm was executed 30 times to compute the Mean and STD 
metrics. Table 3 and Table 4 summarize the obtained parameters for the different competitor 
methods. Those results are the key elements for the comparative study. 
 
Table 3. The obtained results for the temperature range [100K-160K]. 






-07 1.352*10-07 4.816*10-07 5.00*10-08 
n 9.602 10.076 13.28 8.61 
Rs 1.717*10
+03 1.633*10+03 1.286*10+03 2217.09 
ɸb 0.176 0.174 0.163 0.20 
RMSE 1.816*10-07 2.715*10-07 2.131*10-06 1.064*10-05 
Mean 1.816*10-07 1.086*10-07 2.693*10-06 - 






-07 1.083*10-07 1.784*10-07 5.00*10-08 
n 7.907 7.875 8.664 7.12 
Rs 1.630*10
+03 1.637*1003 1.520*10+03 2.114*10+03 
ɸb 0.214 0.215 0.20 0.24 
RMSE 1.679*10-07 1.690*10-07 1.498*10-06 1.305*10-05 
Mean 1.679*10-07 6.763*10-08 2.635*10-06 - 





-07 1.402*01-07 9.953*10-07 6.00*10-08 
n 5.962 5.937 9.935 5.27 
Rs 1.483*10
+03 1.482*10+03 4.58*10+02 1.875*10+3 
ɸb 0.290 0.291 0.26 0.33 
RMSE 4.011*10-07 4.116*10-07 2.601*10-06 1.394*10-05 
Mean 4.011*10-07 1.646*10-07 2.831*10-06 - 





Table 4. The obtained results for the temperature range [200K-300K]. 





-07 2.304*10-07 5.560*10-07 7.00*10-08 
n 5.064 5.051 6.204 4.19 
Rs 1.282*10
+03 1.280*10+03 1.017*10+03 1.758*10+3 
ɸb 0.362 0.363 0.347 0.42 
RMSE 7.96*10-07 8.005*10-07 1.441*10-06 1.829*10-05 
Mean 7.968*10-07 3.202*10-07 2.970*10-06 - 





-07 9.165*10-07 1*10-06 8.00*10-08 
n 6.623 6.604 6.799 3.79 
Rs 4.871*10
+02 4.92*10+02 4.405*10+02 1.736*10+3 
ɸb 0.376 0.376 0.375 0.46 
RMSE 2.119*10-06 2.149*10-06 2.211*10-06 2.315*10-05 
Mean 2.119*10-06 8.596*10-07 3.134*10-06 - 





-07 1.364*10-07 8.229*10-07 1,00*10-07 
n 3.372 3.486 6.078 3.46 
Rs 1.799*10
+03 1.622*10+03 100.23 1.693*10+3 
ɸb 0.456 0.454 0.416 0.51 
RMSE 1.768*10-08 5.763*10-08 4.810*10-06 4.147*10-05 
Mean 1.768*10-08 2.307*10-08 6.223*10-06 - 





-07 4.208*10-07 8.450*10-08 1.00*10-07 
n 2.762 3.468 2.874 2.82 
Rs 1.560*10
+03 6.496*10+02 17.676 1.480*10+3 
ɸb 0.568 0.549 0.591 0.63 
RMSE 2.539*10-08 3.959*10-07 9.856*10-06 1.971*10-04 
Mean 2.539*10-08 1.583*10-07 1.329*10-05 - 
STD 3.766*10-22 2.168*10-07 1.170*10-05 - 
 
From the results of Table 3 and Table 4, the main observation is the large difference of  
the RMSE value between the heuristics algorithms and the analytical method.  
So, the analytical method cannot be considered as a good candidate for solving this problem. 
Fig. 4 and Fig. 5 show the weakness of Cheung method to extract the SBD parameters against 
DE algorithm, at 100K and 300K, respectively. 
 
Fig.  4.  Experimental and simulated I-V characteristics from 0 to 0.7V at 100K. 
 
Fig. 5.  Experimental and simulated I-V characteristics from 0 to 0.7V at 300K. 
 
In other hand, analyzing results of the algorithms, shows that all of these methods are 
adequate solutions for this problematic. Moreover, the DE algorithm gives the accurate 
parameters (n, Rs, Is , bΦ ) along the entire temperature range, compared with the others. This 
accuracy is due to the ability of the DE for converging to the lowest RMSE.   





















































Additionally, the robustness of DE algorithm is verified by comparing the STD metric for  
the three heuristic algorithms. Indeed, STD values of DE are in scale of 10-22, while are in 10-7 
and 10-8 for the others. 
Fig. 6 shows the convergence rate of DE, PSO and ABC algorithms at T=100K. This figure 
indicates that ABC algorithm presents a rapid convergence till cycle #800. Up to this cycle, 
ABC algorithm shows slow convergence. The optimal solution was achieved at iteration 
#4700. In contrast to ABC algorithm, the others show an apparent rapid convergence speed. 
Where, it significantly increases in case of DE algorithm compared with PSO and ABC.  
 
Fig. 6. Convergence characteristics of DE, PSO and ABC algorithms for T=100K. 
 
The variation of RMSE at each running cycle for DE, PSO and ABC algorithm for 
T=100K is shown in Fig. 7.  By analyzing results in this figure we can see that by increasing 
the number of running cycle (30) for the different algorithms, the DE algorithm shows  
the best robustness. In fact, its RMSE value doesn’t change at almost all running cycles 
compared with PSO and ABC. Consequently, the SBD parameters do not change.  





























Fig. 7. Variation of RMSE at each running cycle for DE, PSO and ABC algorithm for 
T=100K. 
5. Conclusion 
In this paper, a comparative study was elaborated for different extraction methods. This 
comparison is divided on two sections; first, the performance of heuristics algorithms was 
compared with those of analytical method (Cheung method). Secondly, the efficiency of DE, 
PSO and ABC algorithms was investigated. 
The obtained results show that the performance metrics, convergence rate speed and  
the accuracy of the parameters determined by the DE algorithm are better than ABC, PSO and 
Cheung method. Also DE is more robust than the other algorithms. As a result, DE is an 
effective, robust and fast approach for the parameter extraction of the Schottky diode. 
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